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[Document Name] Specification 

[Title of the Invention] Organic Electroluminescent Device 
and Manufacturing Method Thereof 
[Scope of Claim for Patent] 
5 [Claim 1] An organic electroluminescent device 

characterized by comprising: a hole injection electrode; a 
hole injection layer; a light emitting layer; and an electron 
injection electrode in this order, wherein 

said hole injection layer includes a first hole injection 
10 layer and a second hole injection layer, 

said first hole injection layer having a property of 
absorbing ultraviolet light, said second hole injection layer 
having a property of promoting injection of holes. 

[Claim 2] The organic electroluminescent device as 
15 recited in Claim 1, characterized in that said first hole 
injection layer absorbs not less than 10% of ultraviolet light 
having a wavelength shorter than 380 nm. 

[Claim 3] The organic electroluminescent device as 
recited in Claim 1 or 2, characterized in that said first hole 
20 injection layer is made of at least one kind of compound selected 
from the group consisting of a phthalocyanine-based compound, 
a porphyrin compound, an amine-based compound, a 
polyaniline-based compound, a polythiophene-based compound, 
and a polypyrrole-based compound. 
25 [Claim 4] The organic electroluminescent device as 



recited in any of claims 1 to 3, characterized in that said 
second hole injection layer is made of at least one kind of 
compound selected from the group consisting of a crystalline 
or non-crystalline inorganic material, a phthalocyanine-based 
5 compound, a porphyrin compound, amine-based compound, a 
polyaniline-based compound, a polythiophene-based compound, 
and a polypyrrole-based compound. 

[Claim 5] The organic electroluminescent device as 
recited in any of claims 1 to 4, characterized in that said 
10 second hole injection layer is made of a material selected from 
the group consisting of a carbon-based material , a silicon-based 
material, a silicon carbide-based material, and a cadmium 
sulf ide-based material. 

[Claim 6] The organic electroluminescent device as 
15 recited in any of claims 1 to 5, characterized in that said 
second hole injection layer is made of a halide. 

[Claim 7] The organic electroluminescent device as 
recited in any of claims 1 to 6, characterized in that said 
second hole injection layer is made of a carbon-based halide. 
20 [Claim 8] The organic electroluminescent device as 

recited in any of claims 1 to 7, characterized in that said 
second hole injection layer is made of f luorocarbon . 

[Claim 9] The organic electroluminescent device as 
recited in any of claims 1 to 8, characterized in that said 
25 first hole injection layer is made of copper phthalocyanine . 



[Claim 10 ] The organic electroluminescent device as 
recited in any of claims 1 to 9, characterized in that said 
first hole injection layer has a thickness not smaller than 
5 nm. 

[Claim 11] The organic electroluminescent device as 
recited in any of claims 1 to 10, characterized in that said 
first hole injection layer has a thickness not larger than 15 
nm. 

[Claim 12 ] The organic electroluminescent device as 
recited in any of claims 1 to 11, characterized in that said 
second hole injection layer has a thickness not smaller than 
0.5 nm . 

[Claim 13] The organic electroluminescent device as 
recited in any of claims 1 to 12, characterized in that said 
second hole injection layer has a thickness not larger than 
3 nm. 

[Claim 14] A method of manufacturing an organic 
electroluminescent device, characterized by comprising the 
steps of : 

forming a hole injection layer on a hole injection 
electrode; and 

forming a light emitting layer and an electron injection 
electrode in this order above said hole injection layer, wherein 

said step of forming said hole injection layer includes 
the steps of: 
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forming a first hole injection layer having a property 
of absorbing ultraviolet light; and 

forming a second hole injection layer having a property 
of promoting injection of holes. 
5 [Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 
The present invention relates to an organic 
electroluminescent device and manufacturing method thereof. 
10 [0002] 

[Conventional Art ] 

The organic electroluminescent device (hereinafter 
referred to as "organic EL device") is expected as a new type 
self light emitting device. The organic EL device has a layered 
15 structure including a carrier transport layer (electron or hole 
transport layer) between a hole injection electrode and an 
electron injection electrode, and a light emitting layer. 
[0003] 

An electrode material having a large work function such 
20 as gold or ITO (Indium-Tin Oxide) is used for the hole injection 
electrode, while an electrode material having a small work 
function such as Mg (magnesium) or Li (lithium) is used for 
the electron injection electrode. 
[0004] 

25 An organic material is used for the hole transport layer, 
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the light emitting layer and the electron transport layer. A 
material having the characteristic of p-type semiconductor is 
used for the hole transport layer, while a material having the 
characteristic of n-type semiconductor is used for the electron 
5 transport layer. The light emitting layer also has carrier 
transport capability such as electron or hole transport 
capability, and is made of an organic material emitting 
fluorescent light or phosphorescent light. 
[0005] 

10 Note that depending upon organic materials to be used, 

these functional layers such as the hole transport layer, 
electron transport layer and light emitting layer may each 
include a plurality of layers or some of them may not be provided 
at all. 

15 [0006] 

In order to improve operating stability of the organic 
EL device, insertion of a CuPc (copper phthalocyanine ) layer 
between a hole injection electrode and a hole transport layer 
has been proposed. However, the insertion of the CuPc layer 
20 between the hole injection electrode and hole transport layer 
has a disadvantage of increasing the initial drive voltage (refer 
to, for instance, Patent Document 1). 
[0007] 

[Patent Document 1] 
25 JP 2000-150171 A 
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[0008] 

[Problems to Be Solved by the Invention] 
In addition, the organic EL device may be deteriorated 
when exposed to external ultraviolet irradiation, depending 
5 upon the materials. This phenomenon will, hereinafter, be 
called "light deterioration". The light deterioration lowers 
the luminance of an organic EL device. For this reason, it 
is necessary to increase the drive voltage with time in order 
to keep the luminance of the organic EL device constant. 
10 [0009] 

It is an object of the present invention to provide an 
organic electroluminescent device which can be prevented from 
the light deterioration and provide reduced initial drive 
voltage, and a manufacturing method thereof. 
15 [0010] 

[Means for Solving the Problems and Effects of the 
Invention] 

An organic electroluminescent device according to a first 
invention comprises a hole injection electrode; a hole injection 

20 layer; a light emitting layer; and an electron injection 
electrode in this order, the hole injection layer including 
a first hole injection layer and a second hole injection layer, 
the first hole injection layer having a property of absorbing 
ultraviolet light, the second hole injection layer having a 

25 property of promoting injection of holes. 
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[0011] 

In the organic electroluminescent device according to 
the present invention, the first hole injection layer absorbs 
ultraviolet light, while the second hole injection layer 
5 promotes the injection of holes. Consequently, the organic 
electroluminescent device can be prevented from deterioration 
by ultraviolet light while having reduced initial drive voltage - 
Furthermore, it is unnecessary to increase the drive voltage 
with time in order to maintain the luminance. 
10 [0012] 

The first hole injection layer preferably absorbs not 
less than 10% of ultraviolet light having a wavelength shorter 
than 380 nm. In this case, ultraviolet light is reliably 
absorbed by the first hole injection layer. As a result, the 
15 organic electroluminescent device can be prevented from 
deterioration . 
[0013] 

The first hole injection layer may be made of at least 
one kind of compound selected from the group consisting of a 
20 phthalocyanine-based compound, porphyrin compound, 

amine-based compound, polyaniline-based compound, 

polythiophene-based compound, and polypyrrole-based compound . 
This allows absorption of ultraviolet light. 
[0014] 

25 The second hole injection layer may be made of at least 



one kind of compound selected from the group consisting of a 
crystalline or non-crystalline inorganic material, 
phthalocyanine-based compound, porphyrin compound, 

amine-based compound, polyaniline-based compound, 

5 polythiophene-based compound, and polypyrrole-based compound. 
The second hole injection layer may alternatively be made of 
a material selected from the group consisting of a carbon-based 
material, silicon-based material, silicon carbide-based 
material, and cadmium sulf ide-based material. Moreover, the 

10 second hole in j ection layer may be made of a halide . Furthermore , 
the second hole injection layer may be made of a carbon-based 
halide. In particular, the second hole injection layer may 
be made of f luorocarbon . This allows sufficiently reduced 
initial drive voltage. 

15 [0015] 

The first hole injection layer may be made of copper 
phthalocyanine . In this case, the first hole injection layer 
can effectively absorb ultraviolet light. 
[0016] 

20 Preferably, the first hole in j ection layer has a thickness 

not smaller than 5 nm. Preferably, the first hole injection 
layer has a thickness not larger than 15 nm. This prevents 
the deterioration of the organic electroluminescent device by 
ultraviolet light . 

25 [0017] 
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Preferably, the second hole injection layer has a 
thickness not smaller than 0 . 5 nm. Preferably, the second hole 
injection layer has a thickness not larger than 3 nm. This 
allows reduced initial drive voltage. 
5 [0018] 

A method of manufacturing an organic electroluminescent 
device according to a second invention comprises the steps of 
forming a hole injection layer on a hole injection electrode; 
and forming a light emitting layer and an electron injection 

10 electrode in this order above the hole injection layer, the 
step of forming the hole injection layer including the steps 
of forming a first hole injection layer having a property of 
absorbing ultraviolet light ; and forming a second hole in j ection 
layer having a property of promoting injection of holes. 

15 [0019] 

In the method of manufacturing the organic 
electroluminescent device according to the present invention, 
the hole injection layer is formed on the hole in j ection electrode , 
and the light emitting layer and the electron in j ection electrode 

20 are formed in this order on the hole injection layer. The hole 
injection layer includes the first hole injection layer having 
a property of absorbing ultraviolet light and the second hole 
injection layer having a property of promoting the injection 
of holes . Consequently, the organic electroluminescent device 

25 can be prevented from deterioration by ultraviolet light while 
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having reduced initial drive voltage. Furthermore, it is 
unnecessary to increase the drive voltage with time in order 
to maintain the luminance. 
[0020] 

5 [Embodiments of the Invention] 

Fig. 1 is a schematic diagram showing the structure of 
an organic electroluminescent device (hereinafter referred to 
as an organic EL device) having a four-layered structure 
according to one embodiment of the present invention. 
10 [0021] 

As shown in Fig. 1, in an organic EL device 100, a hole 
injection electrode (anode) 2 made of a transparent electrode 
film is formed on a glass substrate 1. A hole injection layer 
(hereinafter referred to as a first hole injection layer) 3a 

15 made of an organic material and a hole injection layer 
(hereinafter referred to as a second hole injection layer) 3b 
formed by plasma CVD (Plasma Chemical Vapor Deposition) , a hole 
transport layer 4 and a light emitting layer 5 each made of 
an organic material are formed in this order on the hole in j ect ion 

20 electrode (anode) 2. An electrode injection electrode 
(cathode) 6 is formed on the light emitting layer 5. 
[0022] 

The hole injection electrode (anode) 2 is made of 
indium-tin oxide (ITO), for instance. The first hole in j ect ion 
25 layer 3a is made of CuPc (copper phthalocyanine ) . The first 
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hole injection layer 3a made of CuPc has a function of absorbing 
ultraviolet light . 
[0023] 

Fig. 2 is a diagram showing the ultraviolet light 
5 absorbance of the first hole injection layer 3a made of CuPc. 
In Fig. 2, the ordinate shows absorbance (%) , and the abscissa 
shows wavelength (nm) . In Fig. 2, the CuPc film thickness is 
10 nm. 
[0024] 

10 As indicated by the dot-line in Fig. 2, the first hole 

injection layer 3a made of CuPc has a property of absorbing 
approximately 10% or more of the ultraviolet light having a 
wavelength shorter than 380 nm. As a result, the CuPc serves 
to prevent the incidence of ultraviolet light into the second 

15 hole injection layer 3b, hole transport layer 4, and light 
emitting layer 5 which may cause the light deterioration of 
the organic EL device. 
[0025] 

The second hole injection layer 3b is made of CFx 
20 ( f luorocarbon) . The hole transport layer 4 is made of N,N'-Di 
(naphtha lene-l-yl) -N , N 1 -diphenyl -benzidine , for instance, 
which has the molecular structure expressed by the following 
formula ( 1 ) : 
[0026] 

25 [Formula 1] 
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[0027] 

5 The light emitting layer 5 includes, for instance, 

Tris ( 8-hydroxyquinolinato) aluminum (hereinafter referred to 
as Alq) which has the molecular structure expressed by the 
following equation (2) as a host material, and also includes 
tert-butyl substituted dinaphthyl anthracene (hereinafter 

10 referred to as a compound A) which has the molecular structure 
expressed by the following formula (3) and 
3, 4-Dif uluoro-N, N 1 -Dimethyl-quinacr idone (hereinafter 
referred to as a compound B) expressed by the following formula 
(4) as dopants. 

15 [0028] 

[Formula 2] 
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[0029] 

[Formula 3] 



C(CH3) 3 




[0030] 

[Formula 4] 




[0031] 

The electrode injection electrode (cathode) 6 is made 
of an Mgln alloy (magnesium-indium alloy in a ratio of 10:1) , 
. for instance . 
[0032] 

In the above-described organic EL device 100, voltage 
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is applied between the hole injection electrode (anode) 2 and 
the electron injection electrode (cathode) 6, so that the light 
emitting layer 5 emits green light. Of the green light emitted 
from the light emitting layer 5, most of the visible light having 
5 a wavelength longer than 380 nm is transmitted through the first 
hole inj ection layer 3a of CuPc , and emitted from the back surface 
of the glass substrate 1. Meanwhile, most of the ultraviolet 
light having a wavelength shorter than 380 nm is absorbed by 
the first hole injection layer 3a of CuPc. 
10 [0033] 

The hole injection layer 3b made of CFx serves to promote 
the injection of holes into the hole transport layer 4 and light 
emitting layer 5, and has a function of reducing the initial 
drive voltage. 
15 [0034] 

In the organic EL device 100 according to the present 
embodiment, the first hole' injection layer 3a of CuPc and the 
second hole injection layer 3b of CFx are formed between the 
hole injection electrode (anode) 2 and the hole transport layer 

20 4, so that the light deterioration can be prevented, while the 
initial drive voltage can be reduced. Furthermore, increase 
of the drive voltage with time necessary to compensate for the 
lowering of luminance by the light deterioration can be 
suppressed. 

25 [0035] 
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Note that the organic EL device according to the present 
invention may have any of various structures other than the 
above-described structure. For instance, an electron 
injection layer or an electron transport layer may further be 
5 provided between the light emitting layer 5 and the electron 
injection electrode (cathode) 6. 
[0036] 

Various types of known polymeric materials may be employed 
as a material for the light emitting layer 5. In that case, 
10 the provision of the hole transport layer 4 is not necessary. 
[0037] 

Moreover, while in the above-described embodiment CuPc 
is employed as a material for the first hole injection layer 
3a, any of various materials other than CuPc may be employed, 

15 provided that they have a function of absorbing 10% or more 
of the light having a wavelength shorter than 380 nm when the 
film is 10 nm in thickness . It is preferable to employ a material 
selected from the group consisting of a phthalocyanine-based 
material, porphyrin compound, amine-based material, 

20 polyaniline-based material, polythiophene material, and 
polypyrrole-based material. 
[0038] 

In addition, while CFx is employed as a material for the 
second hole injection layer 3b, any of various materials other 
25 than inorganic thin films such as CFx may be employed, provided 
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that they are capable of promoting the injection of holes and 
reducing the initial drive voltage. It is preferable to employ 
a material selected from the group consisting of a 
phthalocyanine-based material, porphyrin compound, 
5 amine-based material, polyaniline-based material, 

polythiophene material, and polypyrrole-based material. 
[0039] 

In addition, while CFx is employed as a material for the 
second hole injection layer 3b, non-crystalline or crystalline 

10 inorganic materials , such as C-based, Si-based, SiC-based, and 
CdS-based materials may also be employed. A C-based halide 
or Si-based halide may also be employed as a material for the 
second hole injection layer 3b. Alternatively, a rare-earth 
fluoride containing a rare -earth element selected from the group 

15 consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, and 
Yb, or a transition metal fluoride containing a transition metal 
selected from the group consisting of Ti, V, Cr, Mn, Fe, Co, 
Ni, and Cu may be employed as a material for the second hole 
injection layer 3b. 

20 [0040] 

Further, while in the above-described embodiment the hole 
injection electrode (anode) 2, first hole injection layer 3a, 
second hole injection layer 3b, and hole transport layer 4 are 
formed in this order, the hole injection electrode (anode) 2, 
25 second hole injection layer 3b, first hole injection layer 3a, 
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and hole transport layer 4 may alternatively be formed in this 
order . 
[0041] 

The organic EL device 100 described above may be used 
5 in combination with an organic EL device emitting orange or 
red light and an organic EL device emitting blue light. In 
this case, the use of an organic EL device emitting orange or 
red light as a pixel emitting red light (R pixel) , an organic 
EL device emitting green light as a pixel emitting green light 
10 (G pixel) , and an organic EL device emitting blue light as a 
pixel emitting blue light (B pixel) enables display of three 
primary colors of light (RGB display) , thereby realizing a 
full -co lor display. 
[0042] 

15 Moreover, the light emitting layer 5 may have a layered 

structure formed of two light emitting layers emitting different 
colors of light, respectively. For instance, when one of the 
two layers is doped with a luminescent dopant that provides 
orange or red light emission, while the other is doped with 

20 a luminescent dopant that provides blue light emission, a white 
light-emitting device can be obtained. In this case, the use 
of the white light emitting device in combination with filters 
of red, green, and blue enables three primary colors of light 
(RGB display), thereby realizing a full-color display. 

25 [0043] 
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In this case, it is possible that the organic EL device 
may be exposed to ultraviolet irradiation, in particular through 
the blue filter; however, by the function of the above-described 
organic EL device for preventing the ultraviolet light 
5 deterioration, lowering of luminance in the organic EL device 
can be suppressed. As a result, the white balance of red, blue 
and green can be maintained. 
[0044] 

While in the above-described embodiment, the organic EL 
10 device 100 has a back-emission structure in which the light 
produced in the light emitting layer 5 is emitted outward through 
the glass substrate 1, the organic EL device may alternatively 
have a top-emission structure in which the light produced in 
the light emitting layer 5 is emitted from the top through the 
15 electron injection electrode (cathode) 6. 
[0045] 

[Examples ] 

Organic EL devices according to Inventive Example 1 and 
Comparative Examples 1, 2 were fabricated, and measured for 
20 their initial drive voltages and voltage increases after 
phot oir radiation . 
[0046] 

(Inventive Example 1) 

The organic EL device in Inventive Example 1 was fabricated 
25 as follows. A hole injection electrode (anode) 2 made of 
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indium-tin oxide (ITO) was formed on a glass substrate 1, and 
the glass substrate 1 provided with the hole injection electrode 
(anode) 2 was cleaned with a neutral detergent , and then sub j ected 
to ultrasonic cleaning for ten minutes in acetone and for another 
5 ten minutes in ethanol. The surface of the glass substrate 
1 was subsequently cleaned by an ozone cleaner. Then, a first 
hole injection layer 3a made of CuPc was formed on the hole 
in j ection electrode (anode) 2 by vacuum evaporation . The first 
hole injection layer 3a of CuPc has the function of absorbing 
10 the ultraviolet light having a wavelength shorter than 380 nm, 
as mentioned above. 
[0047] 

A second hole injection layer 3b made of CFx was then 
formed on the first hole injection layer 3a by plasma CVD using 
15 CHF 3 gas. The second hole injection layer 3b of CFx serves to 
promote the injection of holes, and has a function of reducing 
the initial drive voltage. 
[0048] 

Note that the first injection layer 3a according to 
20 Inventive Example 1 was 10 nm in thickness, and the second 
injection layer 3b was 0.5 nm in thickness. 
[0049] 

In addition, a hole transport layer 4 made of NPB with 
a thickness of 50 nm was formed on the second hole injection 
25 layer 3b by vacuum evaporation. A light emitting layer 5 with 
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a thickness of 35 nm was formed on the hole transport layer 
4 by vacuum evaporation. The light emitting layer 5 includes 
Alq as a host material, and 20% by weight of the above-described 
compound A and 0.7% by weight of the compound B as dopants. 
5 [0050] 

An electron injection electrode (cathode) 6 made of an 
Mgln alloy with a thickness of 200 nm was then formed on the 
light emitting layer 5 by vacuum evaporation. The vacuum 
evaporation for each layer was performed in an atmosphere with 
10 a vacuum degree of 1 x 10" 6 Torr without controlling the substrate 
temperature. The organic EL device according to Inventive 
Example 1 was thus fabricated. 
[0051] 

(Comparative Example 1) 

15 The organic EL device in Comparative Example 1 was 

fabricated in the same way as that of Inventive Example 1 except 
that the second hole injection layer 3b made of CFx was not 
formed. The first hole injection layer 3a according to 
Comparative Example 1 was 10 nm in thickness. 

20 [0052] 

(Comparative Example 2) 

The organic EL device in Comparative Example 2 was 
fabricated in the same way as that of Inventive Example 1 except 
that the first hole injection layer 3a was not formed. The 
25 second hole injection layer 3b according to Comparative Example 



2 was 0.5 nm in thickness. 
[0053] 

(Evaluation 1) 

Table 1 shows the measurement results of the initial drive 
voltages and voltage increases after photoirradiation in the 
organic EL devices in Inventive Example 1 and Comparative 
Examples 1, 2. Note that the drive voltages were each adjusted 
so that the current densities would be 20 mA/cm 2 , and the initial 
drive voltages and drive voltages after photoirradiation were 
measured. The photoirradiation was performed by irradiating 
a light of 100 mW/cm 2 in an AirMass (hereinafter refereed to 
as AM) of 1.5. 
[0054] 



[Table 1] 





first hole 
injection 

layer 
material 


second hole 
injection 

layer 
material 


initial drive 
voltage (V) 


voltage increases 
after 
photoirradiation (V) 


Comparative 
Example 1 


CuPu 




9.0 


0.3 


Comparative 
Example 2 




CF X 


6.0 


2.0 


Inventive 
Example 1 


CuPu 


CF X 


6.1 


0 . 5 



[0055] 

As shown in Table 1, the initial drive voltages of the 
organic EL devices in Inventive Example 1 and Comparative Example 
2 are reduced as compared with that of the organic EL device 
in the Comparative Example 1. Further, the voltage increases 
after irradiation of the organic EL devices in Inventive Example 
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1 and Comparative Example 1 are reduced as compared with that 
of the organic EL device in Comparative Example 2. 

[0056] 

It can be seen, therefore, that in the organic EL device 
5 in Comparative Example 1 with only the first hole injection 
layer 3a made of CuPc, reduction in the initial drive voltage 
was not realized, while in the organic EL device in Comparative 
Example 2 with only the second hole injection layer 3b made 
of CFx, reduction in the voltage increase after photoir radiation 
10 was not realized. 
[0057] 

On the other hand, in the organic EL device in Inventive 
Example 1 with the first hole injection layer 3a and second 
hole injection layer 3b, reductions in the initial drive voltage 
15 and voltage increase after photoirradiat ion were realized. 
[0058] 

(Inventive Examples 2-8) 

Seven types of organic EL devices in Inventive Examples 

2 to 8 were fabricated by varying the thicknesses of the first 
20 hole injection layers 3a made of CuPc at 0 nm, 3 nm, 5 nm, 10 

nm, 15 nm, 17 nm, and 20 nm, respectively. Note that the organic 
EL devices in Inventive Examples 2 to 8 were fabricated under 
the same conditions using the same way as in Inventive Example 
1. 

25 [0059] 
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Table 2 shows the measurement results of the initial drive 
voltages and voltage increases after photoirradiat ion in the 
organic EL devices in Inventive Examples 2 to 8 . Fig. 3 is 
a graph showing the relationships between the thicknesses of 
5 the first hole injection layers 3a of CuPc and the initial drive 
voltages in the organic EL devices in Inventive Examples 2 to 
8. Fig. 4 is a graph showing the relationships between the 
thicknesses of the first hole injection layers 3a of CuPc and 
the voltage increases after photoirradiat ion in the organic 
10 EL devices in Inventive Examples 2 to 8 . 
[0060] 

Note that the initial drive voltages and voltage increases 
after photoirradiat ion were measured under the same conditions 
as in Inventive Example 1 and Comparative Examples 1, 2. 
15 [0061] 

In Fig. 3, the ordinate shows the initial drive voltage, 
and the abscissa shows the thickness of the first hole injection 
layer 3a. In Fig. 4, the ordinate shows the voltage increase 
after photoirradiat ion, and the abscissa shows the thickness 
20 of the first hole injection layer 3a. 



25 
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[0062] 

[Table 2] 





Pn Pn f i lm 

thickness (nm) 


initial Hri ~\re* 

voltage (V) 


voltage increases 
after 
photoirradiation (V) 


Inventive 
Example 2 


0 


9 


2 


Inventive 
Example 3 


3 


8 


1.2 


Inventive 
Example 4 


5 


6 


0.5 


Inventive 
Example 5 


10 


6 


0.6 


Inventive 
Example 6 


15 


6 


0.5 


Inventive 
Example 7 


17 


7 


0.4 


Inventive 
Example 8 


20 


8 


0.5 



[0063] 

5 As shown in Table 2 and Fig. 3, the initial drive voltages 

are reduced when the thicknesses of the first hole injection 
layers 3a of CuPc are 3 nm or larger, and the initial drive 
voltages are further reduced when the thicknesses of the first 
hole injection layers 3a of CuPc are 5 nm or larger. 
10 [0064] 

Moreover, the initial drive voltages are reduced when 
the thicknesses of the first hole injection layers 3a of CuPc 
are 20 nm or smaller, the initial drive voltages are further 
reduced when the thicknesses are 17 nm or smaller, still further 
15 reduced when the thicknesses are 15 nm or smaller. 
[0065] 

As shown in Table 2 and Fig. 4, the voltage increases 
after photoirradiation. are reduced when the thicknesses of the 
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first hole injection layers 3a of CuPc are 3 nm or larger, and 
the voltage increases after photoirradiat ion are further 
reduced when the thicknesses of the first hole injection layers 
of CuPc are 5 nm or larger. 
5 [0066] 

The results above show that in order to realize reductions 
in the initial drive voltage and voltage increase after 
photoirradiation, the thickness of the first hole injection 
layer 3a of CuPc is preferably not less than 3 nm nor more than 
10 20 nm, more preferably not less than 5 nm nor more than 17 nm, 
still more preferably not less than 5 nm nor more than 15 nm. 
[0067] 

(Inventive Examples 9-16) 

Eight types of organic EL devices in Inventive Examples 
15 9 to 16 were fabricated by varying the thicknesses of the second 
hole injection layers 3b of CFx at 0 nm, 0.5 nm, 1 nm, 2 nm, 
3 nm, 5 nm, 8 nm, and 10 nm, respectively. Note that the organic 
EL devices in Inventive Examples 9 to 16 were fabricated under 
the same conditions using the same way as in Inventive Example 
20 1 except in the thicknesses of the respective second hole 
injection layers 3b. 
[0068] 

Table 3 shows the measurement results of the initial drive 
voltages and voltage increases after photoirradiation in the 
25 organic EL devices in Inventive Examples 9 to 16. Fig. 5 is 
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a graph showing the relationships between the thicknesses of 
the second hole injection layers 3b of CFx and the initial drive 
voltages in the organic EL devices in Inventive Examples 9 to 
16. Fig. 6 is a graph showing the relationships between the 
5 thicknesses of the second hole injection layers 3b of CFx and 
the voltage increases after photoirradiat ion in the organic 
EL devices in Inventive Examples 9 to 16. 
[0069] 

Note that the initial drive voltages and voltage increases 
10 after photoirradiat ion were measured under the same conditions 
as in Inventive Example 1 and Comparative Examples 1, 2. 
[0070] 

In Fig. 5, the ordinate shows the initial drive voltage, 
and the abscissa shows the thickness of the second hole injection 
15 layer 3b. In Fig. 6, the ordinate shows the voltage increase 
after photoirradiat ion and the abscissa shows the thickness 
of the second hole injection layer 3b. 
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[0071] 



[Table 3] 





tCx -LIU 

thickness (nm) 


Xlll Lid i. Ull Vc 

voltage (V) 


voltage increases 
after 
photoirradiation (V) 


Inventive 
Example 9 


0 


9 


2 


Inventive 
Example 10 


0.5 


6 


2 


Inventive 
Example 11 


1 


6.1 


2 . 1 


Inventive 
Example 12 


2 


5.9 


2 


Inventive 
Example 13 


3 


6.1 


2.2 


Inventive 
Example 14 


5 


6.5 


2.1 


Inventive 
Example 15 


8 


8 


2 


Inventive 
Example 16 


10 


10 


2.2 



[0072] 

5 As shown in Table 3 and Fig. 5, the initial drive voltages 

are reduced when the thicknesses of the second hole injection 
layers 3b of CFx are 0 . 5 nm or larger. In addition, the initial 
drive voltages are reduced when the thicknesses of the second 
hole injection layers 3b of CFx are 8 nm or smaller, the initial 
10 drive voltages are further reduced when the thicknesses are 
5 nm or smaller, still further reduced when the thicknesses 
are 3 nm or smaller. 
[0073] 

Moreover, as shown in Table 3 and Fig. 6, the voltage 
15 increases after photoirradiation are sufficiently reduced when 
the thicknesses of the second hole injection layers 3b of CFx 
are not less than 0 nm nor more than 10 nm. 
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[0074] 

The results above show that in order to realize reductions 
in both the initial drive voltage and voltage increase after 
photoirradiation, the thickness of the second hole injection 
5 layer 3b of CFx is preferably not less than 0.5 nm nor more 
than 8 nm, more preferably not less than 0 . 5 nm nor more than 
5 nm, still more preferably not less than 0.5 nm nor more than 
3 nm. 
[0075] 

10 By efficiently reducing the initial drive voltage and 

the voltage increase after photoirradiation as described above, 
reduction in the total amount of the drive voltage of an organic 
EL device was achieved. In other words, it is possible to lower 
the initial drive voltage while eliminating the need to increase 

15 the drive voltage necessary to compensate for the lowering of 
luminance by the light deterioration. 
[Brief Description of Drawings] 

[Fig. 1] A schematic diagram showing the structure of 
an organic electroluminescent device having a four-layered 

20 structure according to one embodiment of the present invention. 

[Fig. 2] A graph showing the ultraviolet light absorbance 
of a first hole injection layer made of CuPc. 

[Fig. 3] A graph showing the relationships between the 
thicknesses of the first hole injection layers made of CuPc 

25 and the initial drive voltages in the organic EL devices in 
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Inventive Examples 2 to 8 . 

[Fig. 4] A graph showing the relationships between the 
thicknesses of the first hole injection layers made of CuPc 
and the voltage increases after photoirradiation in the organic 
5 EL devices in Inventive Examples 2 to 8. 

[Fig. 5] A graph showing the relationships between the 
thicknesses of the second hole injection layers made of CFx 
and the initial drive voltages in the organic EL devices in 
Inventive Examples 9 to 16. 
10 [Fig. 6] A graph showing the relationships between the 

thicknesses of the second hole injection layers made of CFx 
and the voltage increases after photoirradiation in the organic 
EL devices in Inventive Examples 9 to 16. 



[Description of Reference Numerals] 
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1: glass substrate 



2: hole injection electrode (anode) 



3a: first hole injection layer 



3b: second hole injection layer 



4 : hole transport layer 
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5: light emitting layer 



6: electron injection electrode (cathode) 



100: 



organic EL device 



LO 
CVJ 




CO 

erf 




— I LU 
LU <C ^ 




[Document Name] Abstract 
[Abstract] 

[Subject] Providing an organic electroluminescent device 
which can be prevented from light deterioration and provide 
5 reduced initial drive voltage, and a manufacturing method 
thereof . 

[Solving Means] In an organic EL device 100, a hole injection 
electrode (anode) 2 made of a transparent electrode film is 
formed on a glass substrate 1. A first hole injection layer 

10 3a made of CuPc, a second hole injection layer 3b made of CFx, 
a hole transport layer 4 and a light emitting layer5 each made 
of an organic material are formed in this order on the hole 
injection electrode 2. An electron injection electrode 
(cathode) 6 is further formed on the light emitting layer 5. 

15 The first hole inj ection layer 3a made of CuPc absorbs ultraviolet 
light, so that the organic EL device can be prevented from 
deterioration by the ultraviolet light. The second hole 
injection layer 3b made of CFx promotes injection of holes, 
so that the initial drive voltage can be reduced. 

20 [Selected Drawing] Fig. 1 



